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Risk Factors for Endoleak and the Evidence for Stent-graft Oversizing
in Patients Undergoing Endovascular Aneurysm Repair
I. V. Mohan, R. J. F. Laheij and P. L. Harris∗ on behalf of the EUROSTAR Collaborators
Objectives: the aim of this study was to assess the relationship between patient factors, the anatomy of the proximal
aneurysm neck; the type of endovascular graft; and the consequences of graft/neck size mismatch and the occurrence of
proximal endoleak.
Design: multicentre clinical study.
Materials: of a total of 2194 patients, 2146 underwent successful endovascular repair of infra-renal abdominal aortic
aneurysms (AAA).
Methods: endoleaks were identified by radiological imaging immediately after completion of the procedure as per study
protocols. Clinical and anatomical features of AAA in patients with endoleak were compared to patients without endoleak
and data were analysed using the Chi-square test. A multivariate logistic regression model was constructed by selecting
variables found to be significantly associated with complications in a univariate analysis.
Results: intra-operative endoleak was observed in 16.7% overall, and 3.3% were noted to have proximal endoleak.
Aneurysm size larger than 60 mm (p=0.004), ex-smokers (p=0.005) and age over 75 years (p=0.01) were independently
associated with endoleak of all types. Univariate and multivariate analysis revealed correlation between proximal endoleak
and (i) diameter of the aneurysm neck-proximal (D2a), middle (D2b), distal (D2c), at all levels (p<0.005); (ii) proximal
aortic neck length (p=0.0001); (iii) aortic device diameter (p=0.0024). No correlation was identified for angulation and
form of the aortic neck. A model of the frequency of proximal endoleak, in relation to the ratio of the aortic device diameter
to the distal aortic neck diameter, revealed that endoleak decreased when the aortic device diameter became oversized by
more than 10% and confidence intervals remained tight for up to and over 20% oversize.
Key Words: Abdominal aortic aneurysm; Proximal endoleak; Age; Gender; Aneurysm diameter; Neck diameter; Proximal
aortic neck length; Device diameter; Regression analysis.
Introduction Endoleak can occur from the proximal, midgraft or
distal segments of the endovascular device, or from
Since the introduction of endovascular techniques for retrograde flow into the aneurysm sac;2,3 and proximal
the treatment of abdominal aortic aneurysms (AAAs) endoleak is perhaps the most sinister. Recent analysis
in the early 1990s,1 many patients have been treated of the EUROSTAR (EUROpean collaborators on Stent-
with stent-grafts and the technique is continuously graft Techniques for Abdominal aortic aneurysm Re-
evolving. Successful treatment depends upon the pair) database revealed that endoleak increased the
achievement of an effective ‘‘seal’’ between the endo- risk of AAA rupture after EVAR (endovascular an-
graft and normal vessels above and below the an- eurysm repair). The odds ratio for rupture was highest
eurysm, so as to exclude the sac from the circulation. for proximal endoleak, 10.9 (95% confidence interval,
Failure to achieve an adequate seal results in in- 3.8–30.3), p<0.001 (unpublished data). However, de-
complete exclusion of the aneurysm sac, which re- spite the frequency of occurrence of endoleak,4,7 rel-
mains pressurised, and still at risk from rupture. atively little is known of its risk factors.
The term endoleak describes blood flow visualised The adequacy of proximal stent graft fixation is
outside of the endograft, but within the aneurysm sac. dependent on a number of factors relating to the
proximal aortic anatomy and to the device itself. The
aim of this study was to assess the relationship between
∗ Please address all correspondence to: P. L. Harris, Consultant patient factors and endoleak, and to determine theVascular Surgeon, Royal Liverpool University Hospital, Prescot
Street, Liverpool, United Kingdom. occurrence of proximal endoleak following aneurysm
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repair (EVAR) with respect to the anatomy of the to be significantly associated with complications in a
univariate analysis. A logistic regression model wasaneurysm; the type of endovascular graft used; and
the consequences of graft/neck size mismatch. then constructed, excluding by backward elimination
all features not associated with proximal endoleak.
Patients with missing data were eliminated from the
analysis. Based on the results of the multivariate ana-
Methods lysis, we estimated the risk of proximal endoleak
compared to the proximal aortic neck diameter, the
Patients length of the aortic neck, and the ratio of the device
to the neck diameter. In order to quantify the risk of
This study was part of the EUROpean collaborators on endoleak, by potential risk factors, odds ratios (OR)
Stent-graft Techniques for Abdominal aortic aneurysm with 95% confidence intervals (CI) were calculated.
Repair (EUROSTAR) project which was designed to All statistical analyses were performed using Statistical
investigate the health risks in patients treated using Analysis Software (SAS) programs.
stent-graft techniques.5 It includes a retrospective co-
hort of patients treated before July 1996, and after this
date patients were included prospectively. All patients
treated in participating European vascular institutions Results
were invited to take part in the study. Informed consent
was obtained for all patients collated in the prospective Two thousand, one hundred and ninety-four patients
part of the study. Data were collated at the EUROSTAR (2194) were evaluated from January 1994 to January
data registry centre. 2000. The procedure was unsuccessful for a variety of
reasons in 15 patients during this period, and one
patient died intraoperatively; 33 patients had con-
version of failed endovascular grafts to an open pro-Clinical data
cedure during the study period. Two thousand, one
hundred and forty-six patients therefore successfullyAll patients had a full medical history and physical
underwent EVAR in the EUROSTAR study with fullexamination; contrast enhanced computerised tomo-
follow-up. Data collection was complete in over 99%graphy (CT) and angiography. Between January 1994
of cases for age, gender, type of graft, aneurysm dia-and January 2000, 2194 patients were evaluated with
meter and type of device. Data on smoking wererespect to age, sex, smoking, obesity, and fitness for
conventional open repair and physical status clas- Table 1. Patient characteristics.
sification as defined by the American Society of An-
Characteristic Subgroups Percentage Completeness ofesthesiologists (ASA).6 The experience of the surgeon
data collectionand the type of device used was also evaluated. A
total of 2146 patients in whom the procedure was Age Younger than 65 24% 99.2%
yearssuccessfully completed were investigated with regard
Between 65–75 years 46%to aneurysm morphology: diameter, length, an- Older than 75 years 30%
gulation, and the form of the aortic neck (pyramidal, Gender Males 92% 99.5%
rectilinear, funnel). The type of aortic device, device Female 8%
diameter and the use of an aortic cuff were also ASA Class I 9% 96.5%
investigated. Endoleak was detected using per- Classification Class II 38%
Class III 46%operative imaging of the abdominal aorta immediately
Class IV 7%after stent-graft deployment with CT and angiography
Smoking Stopped >10 years 43% 89.0%according to the study protocol. Stopped <10 years 29%
Current <20/day 19%
Current >20/day 10%
Type of graft Straight 5% 100%
Analysis Tapered 3%
Bifurcated 92%
Aneurysm Less than 50 mm 26% 100%The clinical features of patients with endoleak were
diameter Between 50 to 60 mm 49%compared to patients without endoleak; these data
More than 60 mm 25%were analysed using Chi-square test. A multivariate
(n=2194).analysis was performed by selecting variables found
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Table 2. Relationship of type of device used to endoleak. (Table 2). Endoleak was encountered in 359 (16.7%)
of 2146 patients. Endoleak was observed from theType of device Percentage of Percentage of
devices used endoleak proximal anastomosis in 70 cases (3.3%) overall, but
was most frequently observed (129 cases) from a patent
Vanguard 40% 15%
lumbar or inferior mesenteric artery; the distal ana-Stentor 15% 14%
Talent 13% 17% stomosis was responsible in 78 cases. Endoleak was
AneuRx 18% 21% also encountered midgraft from the prosthesis, or a
EVT 3% 12%
graft connection (Table 3).Other 1% 40%
Excluder 4% 14% In the univariate analysis, ex-smokers of more than
Zenith 6% 16% 10 years (OR 1.99, 95% CI, 1.22–3.22), patients older
than 75 years (OR 1.47, 95% CI, 1.18–2.0), and aneurysm
diameter larger than 50 mm (OR 1.55, 95% CI, 1.15–Table 3. Site of extra-graft flow.
2.04) were significantly associated with endoleak. The
Site of endoleak Number of relationship of endoleak to aneurysm size was even
patients
stronger for aneurysms larger than 60 mm (OR 1.83,
Patent lumbar artery or inferior mesenteric artery 129 (36%) 95% CI, 1.32–2.55). One interesting finding was the
Distal anastamosis 78 (22%) association of smoking with endoleak. Current smok-
Proximal anastamosis 70 (20%)
ing, as a risk factor for endoleak, did not reach stat-Midgraft from prosthesis to prosthesis connection 35 (10%)
Midgraft from prosthesis 32 (9%) istical significance; however, ex-smokers of more than
Patent internal iliac artery 15 (4%) 10 years were at risk of endoleak (OR 1.99, 95% CI,
Other 19 (5%)
1.22–3.22) (Table 4). A multivariate model of endoleak
(n=359). was formulated adjusting for smoking, age, and an-
eurysm diameter. The risk of endoleak remained sig-
nificant for ex-smokers (OR 1.72, 95% CI, 1.1–2.8),complete in 89% and ASA classification in 96.5% (Table
and for increasing aneurysm diameter (diameter1).
50–60 mm: OR 1.45, 95% CI 1.04–1.81; diameter greaterOf the 2146 patients with successful endograft de-
than 60 mm: OR 1.6, 95% CI 1.13–2.27).ployment, there were 92% males and 8% females.
For all 2146 patients in whom the procedure wasTwenty-eight percent of patients were current smokers,
successfully completed, a similar analysis was per-54% were ASA class III or IV. Endovascular repair was
formed for proximal endoleak. Proximal endoleak wasoffered to 280 patients considered unfit for con-
observed immediately after the procedure in 70 (3.3%)ventional repair. The median age was 70 (range 37–92)
cases.Patientdemographics demonstratednostatisticalyears. The median diameter of the aneurysms was 56
difference in those with and without a proximal en-(range 21–150) mm.
doleak at completion. These data are shown in Table 5.A variety of stent-grafts were used in the EURO-
Aortic morphology was analysed in relation to theSTAR trial, and all of these were self-expanding de-
occurrence of proximal endoleak. The diameter of thevices; however, no association was identified between
the type of device used and the occurrence of endoleak aortic neck at the proximal level (D2a), the middle
Table 4. Factors associated with endoleak during endoluminal abdominal aortic aneurysm repair.
Characteristic Subgroup Univariate analysis Multivariate analysis
Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Smoking Current >20/day 1 — — 1 — —
Current <20/day 1.31 0.77–2.26 0.32 1.24 0.72–2.13 0.43
Stopped <10 years 1.56 0.93–2.58 0.08 1.44 0.86–2.41 0.15
Stopped >10 years 1/99 1.22–3.22 0.005 1.72 1.1–2.8 0.03
Gender Male 0.699 0.48–1.02 0.06 0.711 1.47–1.07 0.09
Female 1 — — 1 — —
Age <65 yrears 1 — — 1 — —
65–75 years 0.98 0.73–1.32 0.90 0.77 0.56–1.07 0.87
>75 years 1.47 1.18–2.0 0.01 1.35 0.96–1.90 0.08
Aneurysm <50 mm 1 — — 1 — —
diameter 50—60 mm 1.55 1.15–2.04 0.0003 1.45 1.06–1.99 0.02
>60 mm 1.83 1.32–2.55 0.004 1.60 1.13–2.27 0.008
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Table 5. Patient demographics for proximal endoleak.
Proximal endoleak
Patient characteristic Absent (%) Present (%)
Age <65 years 515 (98) 13 (2)
Between 65–75 969 (97) 29 (3)
>75 years 623 (96) 28 (4)
Gender Male 1940 (97) 65 (3)
Female 173 (97) 5 (3)
ASA grade I 181 (96) 7 (4)
II 788 (98) 20 (2)
III 937 (97) 32 (3)
IV 145 (95) 8 (5)
Unfit for operation 268 (96) 12 (4)
Smoking None in last 10 years 813 (96) 29 (4)
Occasional smoke in last 10 years 542 (96) 20 (4)
Current, <1 pack/day 350 (96) 13 (4)
Current, >1 pack/day 182 (98) 4 (2)
(n=70).
(D2b), and the distal level (D2c), the size of the aortic neck and aortic device diameter (p<0.005). By mod-
elling the aortic device diameter in proportion to thedevice and the use of an extra aortic cuff were found
to be significantly associated with proximal endoleak proximal aortic neck diameter, the risk of proximal
endoleak was estimated. This model demonstrated(p<0.005). However, on multivariate analysis the form
of the aorta (i.e. pyramidal, rectilinear, funnel), an- that the correlation was strongest for the distal neck
diameter (Fig. 2). A significant decrease in the in-gulation and the use of an aortic cuff were not sig-
nificantly associated with the occurrence of endoleak. cidence of endoleak started at 10% and continued for
even greater oversize, confidence intervals remainedNo associations were noted for angulation in any of
the 359 patients with endoleak. The length of the very narrow for up to 25% oversizing. This suggests
that oversizing by at least 10% and even 20% willproximal aortic neck was found to be significantly
associated with endoleak (p=0.0001), with an odds decrease the frequency of proximal endoleak (Fig. 3).
ratio of 0.93 (CI 0.89–0.96) (Table 6). This suggests that
the shorter the proximal neck length, the higher the
risk of endoleak (Fig. 1).
A multivariate model of proximal endoleak was Discussion
constructed adjusting for aortic neck diameter at all
levels, proximal aortic neck length and aortic device Endoleak is evidence of incomplete exclusion of the
diameter. The diameter of the aortic neck at all three aneurysm sac and possibly failure of treatment. Schu-
levels (D2a, D2b, and D2c) remained significant with rink et al.7, in a recent metanalysis involving 1189
multivariate analysis, but confidence intervals were
tightest for D2c. There was also a strong correlation
between the diameters at the three levels of the aortic
Table 6. Factors associated with proximal endoleak.
Factor Odds ratio p value
(with 95%
confidence
interval)
Proximal aortic neck diameter (D2a) 1.20 (1.1–1.3) 0.0001
Middle aortic neck diameter (D2b) 1.11 (1.0–1.2) 0.003
Distal aortic neck diameter (D2c) 1.16 (1.1–1.2) 0.0001
Proximal neck length (H1) 0.93 (0.89–0.96) 0.0001
Angulation of the aortic neck 1.69 (0.98–2.8) 0.65
Form of the aortic neck 1.22 (0.9–1.8) 0.28
Aortic device diameter 1.12 (1.0–1.2) 0.0024
Fig. 1. Risk of proximal endoleak in relation to proximal aortic neckUse of an aortic cuff 7.01 (2.6–16.5) 0.0001
length (H1).
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selection and operative procedures may even be neces-
sary for optimal evaluation. Holzenbein et al.9 found
that endoleaks were more common at the start of their
experience and that there was a learning curve. This
study, however, did not find endoleak to be different
between the participating centres, and there was no
relation to the number of procedures performed at
any centre, duration of procedure or device related
characteristics. There was also no correlation between
endoleak and calendar period (data not shown). The
Fig. 2. Estimated risk of proximal endoleak in relation to distal statistical association of an extra aortic cuff with en-
aortic neck diameter. doleak is easily explained; its use may be an option
to help resolve proximal endoleak or migration, and
it is not a risk factor for endoleak but the result of it.
Although previous studies have reported gender
and age-related differences in the mechanical prop-
erties of the abdominal aorta,10,11 this study found
no differences between the sexes. Age, smoking, and
gender have been positively correlated with AAA
diameter.10,11 Aging decreases the compliance of both
the muscular and elastic components of the arterial
circulation. Aortic wall distensibility decreases with
age, and this occurs at an earlier age in men than
women,11 suggesting that degenerative changes in the
abdominal aortic wall occur earlier in life in men than
in women. The relationship of current smoking to
Fig. 3. Risk of proximal endoleak in relation to device/aortic neck
endoleak is difficult to explain, and it may be due todiameter.
differences in blood coagulability.
This study has also demonstrated that anatomical
endografts, found that endoleak complicated the pro- characteristics were strongly associated with the oc-
cedure in 24%. In this study we found the prevalence currence of endoleak. Aneurysm diameter of more
of endoleak immediately after the procedure to be than 60 mm was 1.60 times more likely to be associated
16.7%. Published studies have included only a few with endoleak than an aneurysm diameter of less than
patients from consecutive case series,7,8 and possibly 50 mm. The aortic neck has been shown to be at
subject to considerable bias due to the lack of power. continued risk of progressive dilatation after con-
While the size of the present study population will ventional aneurysm repair. Longitudinal studies have
reduce this criticism, larger studies such as this have quantified this to be in the region of 0.5 mm per year.
the disadvantage of incomplete data capture. Matsumura et al.12 demonstrated that there is also
The number of participating vascular units (55) in continued expansion of the aortic neck after en-
this study may be a source of variation in patient doluminal repair at a rate of 0.7±2.1 mm/year in the
selection, treatment and operation procedures. The first year and 0.9±1.9 mm/year in the second year;
identification of an endoleak, however, may partly be and that this phenomenon continued for at least 2
a function of the study centre, and there may be years.
clinically important and subjective differences between Successful endovascular repair of an abdominal aor-
centres. Detection of an endoleak immediately after tic aneurysm generally led to a decrease in the diameter
the procedure may be difficult due to the porosity of the aneurysm sac (D3). There is evidence that di-
of the thin-walled graft materials, the anticoagulant latation of the aortic neck is more likely to occur if
administered prior to graft deployment, and technical there is an adequate and effective seal around the
considerations.9 Atherosclerotic risk factors and plate- stent-graft.12 On the other hand patients with the vari-
let aggregation may be other factors associated with ous types of endoleak will have an increased risk of
endoleak. Identification and quantification of in- aneurysm sac enlargement. Even in the absence of an
dividual heterogeneity may provide important clues endoleak expansion of the aortic neck may predispose
for the understanding and determinants of the oc- to the development of proximal instability in the long
term due to continued neck dilatation.currence of endoleak. Variation in treatment, patient
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The diameter of the proximal aortic neck also ap- the device to the aortic neck diameter and the distal
aortic neck diameter, and the proximal aortic neckpears to be a very important factor in the occurrence
length. We suggest close attention to aortic deviceof endoleak and in determining the aortic device dia-
diameter and the distal aortic neck diameter in themeter, and this correlation seems to be strongest for
planning of endoluminal repair, especially in patientsthe distal neck diameter (D2c), where the confidence
over 75 years old and those with larger aneurysms.intervals are tightest. Lambert et al.13 found that the
Oversizing the device by at least 10% and perhapslength of the aortic neck was the most significant factor
even 20% may help to prevent the occurrence offor migration of the endograft rather than for proximal
proximal endoleak. The question of how to manageendoleak. In an experimental model, a 10 mm aortic
endoleak remains, and more studies are necessaryneck was sufficient to prevent migration of a fully
to determine the best approach for treating intra-deployed nitinol self-expanding stent. This study has
operative endoleak.likewise established the length of the aortic neck to be
a significant factor in the occurrence of endoleak. The
odds ratio of 0.93 (range 0.89–0.96) suggests that the
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